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(57) ABSTRACT

A motor driving device includes a converter that converts an
input alternating current into a direct current, an inverter that
inverts the direct current output by the converter into an
alternating current for driving a motor, a voltage detecting
unit that detects a voltage on a direct current output side of the
converter, and anumerical control unit that causes the inverter
to output a reactive current to increase electric power con-
sumed in the motor, when the voltage detected by the voltage
detecting unit exceeds a predetermined threshold.
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1
MOTOR DRIVING DEVICE HAVING
REACTIVE CURRENT INSTRUCTION
GENERATING UNIT

RELATED APPLICATIONS

The present application is based on, and claims priority
from, Japanese Application Number 2011-234032, filed Oct.
25, 2011, the disclosure of which is hereby incorporated by
reference herein in its entirety.

BACKGROUND

1. Technical Field

The present invention relates to a motor driving device for
controlling a motor, the motor driving device converting alter-
nating current power from an alternating current power sup-
ply into direct current power, and then inverting the direct
current power into alternating current power used as driving
power for the motor. In particularly, the present invention
relates to a motor driving device that can suppress generation
of abnormal excessive voltage in a converter.

2. Description of Related Arts

In a machine tool system, a motor is provided for each drive
shaft of a machine tool, and these motors are controlled and
driven by a motor driving device. The motor driving device
instructs each of the motors, on speed, torque or a rotor
position of the motor, which are provided for driving the
corresponding drive shafts of the machine tool. Thus, the
motor driving device controls the motors.

The motor driving device has a converter and an inverter.
The converter converts commercial three-phase alternating
current power into direct current power. The inverter inverts
the direct current power output by the convertor into alternat-
ing current power that has a desired frequency and that is used
as driving power for the motor, or converts alternating current
power regenerated by the motor into direct current power. The
motor driving device controls speed, torque or rotor position
of the motor connected on the alternating current side of the
inverter.

The number of the provided inverters is the same as the
number of motors. These inverters individually supply driv-
ing electric power to the motors provided for a plurality of
drive shafts in a machine tool to control the motors. Mean-
while, in many cases, one converter is provided for a plurality
of inverters in order to reduce the cost of the motor driving
device or the occupied space.

When the motor driving device controls a speed of the
motor to be lowered, the motor regenerates electric power.
The regenerated electric power is returned to the side of the
converter via the inverter. Thus, the inverter is configured as a
semiconductor electric power converter, having the ability to
not only invert direct current power into alternating current
power, but also convert alternating current power into direct
current power, in other words, capable of converting electric
power from alternating current power to direct current power
and vice versa.

Electric power regenerated by the motor at the time of
control of decelerating the motor raises a voltage on the direct
current output side of the converter. High regenerated electric
power sharply raises a voltage on the direct current output
side of the converter to generate an abnormal excessive volt-
age. As a result, the converter may be damaged.

In order to avoid generation of such an abnormal excessive
voltage on the direct current output side of the converter, a
regeneration resistor or a power supply regenerative circuit is
additionally provided. The regeneration resistor is provided
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on the direct current output side of the converter. The regen-
eration resistor generates heat to consume the electric power
corresponding to the raised amount of the voltage on the
direct current output side. The power supply regenerative
circuit returns regenerated electric power to the side of the
alternating current power supply.

For example, as described in Japanese Patent Application
Laid-Open Publication No. H07-95775, a inverter-protecting
device is proposed. The inverter-protecting device calculates
regenerated electric power level on the basis of an output
voltage of the converter and a flowing direction of a direct
current flowing into the inverter. If the regenerated electric
power level exceeds a predetermined value, the inverter-pro-
tecting device makes electrical connection to the regeneration
resistor so as to generate heat to consume the electric power
corresponding to the raised amount of the direct current volt-
age. In this manner, the inverter-protecting device prevents
the inverter from being damaged due to excessive voltage.

Depending on magnitude of motor inertia or a motor speed,
an excessive current larger than a rated value is generated at
the time of regeneration, so that the regeneration resistor may
be damaged. For this reason, a regeneration-resistor-protect-
ing circuit or the like is proposed, which shuts off a current
flowing to the regeneration resistor at the time of generation
of excessive voltage.

For example, as described in Japanese Patent No. 3511173,
a regeneration-resistor-protecting mechanism is proposed.
This mechanism shuts off a current flowing to the regenera-
tion resistor from a capacitor connected between the output
terminals of the converter, at the time of detecting an exces-
sive current larger than a rated value of the regeneration
resistor. At the same time, this mechanism also turns off an
input control contactor that controls an alternating current
input to the converter. Thereby, burnout of the regeneration
resistor can be prevented.

As another example, as described in Japanese Patent No.
3368930, a servomotor regeneration processing circuit is pro-
posed. This circuit calculates regenerated electric power on
the basis of a current, a speed, torque and the like of a servo-
motor, calculates decelerating torque to decelerate the servo-
motor such that the regenerated electric power does not
exceed allowable regenerated electric power. Thereby, it is
possible to prevent the regeneration resistor, a transistor and
the like from being burned out by excessive voltage.

In order to avoid generation of abnormal excessive voltage
on the direct current output side of the converter, a regenera-
tion resistor that generates heat to consume the electric power
corresponding to a raised amount of a voltage on the direct
current output side is additionally provided on the direct
current output side of the converter, or a power supply regen-
erative circuit that returns regenerated electric power to the
side of the alternating current power supply may be addition-
ally provided. In this case, if the motor regenerates excessive
electric power, it is necessary to select a regeneration resistor
or a power supply regenerative circuit having a large capacity
in accordance with the magnitude of such excessively regen-
erated electric power. Unfortunately, depending on such a
large capacity, the motor driving device is increased in size,
and the cost increased.

For example, according to Japanese Patent Application
Laid-Open Publication No. H07-95775 described above,
magnitude of electric power regenerated by the motor at the
time of regeneration differs depending on specification and
operation of the motor. Accordingly, if the motor regenerates
excessive electric power, it is necessary to select a regenera-
tion resistor or a power supply regenerative circuit having a
large capacity in accordance with the magnitude of such
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excessively regenerated electric power. Unfortunately,
depending on such a large capacity, the cost of the motor
driving device is increased.

According to Japanese Patent Nos. 3511173 and 3368930
described above, the regeneration-resistor-protecting circuit
that protects the regeneration resistor is additionally pro-
vided. Due to the additional regeneration-resistor-protecting
circuit, the cost of the motor driving device is unfortunately
increased. Particularly, according to Japanese Patent No.
3368930 described above, in addition to the regeneration
resistor, the regeneration-resistor-protecting circuit or the like
needs to be provided, further increasing the cost of the motor
driving device.

SUMMARY

In view of the above-described problems, it is an object of
the present invention to provide a motor driving device that
has a converter converting an input alternating current into a
direct current, and an inverter inverting the direct current
output by the converter into an alternating current used for
driving a motor, and that can obtain an advantage in that
abnormal excessive voltage can be suppressed, control is
easy, cost is low, and less space is needed.

In order to accomplish the above-described object, the
present invention provides a motor driving device including a
converter that converts an input alternating current into a
direct current, an inverter that inverts the direct current output
by the converter into an alternating current for driving a
motor, a voltage detecting unit that detects a voltage on a
direct current output side of the converter, and a numerical
control unit that performs control causing the inverter to
output a reactive current to increase electric power consumed
in the motor when a voltage detected by the voltage detecting
unit exceeds a predetermined threshold.

According to one aspect of the present invention, the
numerical control unit includes a voltage monitoring unit that
monitors whether or not a voltage detected by the voltage
detecting unit exceeds the predetermined threshold, and a
reactive current instructing unit that generates a reactive cur-
rent instruction for causing the inverter to output a reactive
current in accordance with a voltage detected by the voltage
detecting unit, when the voltage monitoring unit determines
that a voltage detected by the voltage detecting unit exceeds
the predetermined threshold.

The predetermined threshold may be set to be lower than a
maximum voltage value on the direct current output side
allowable for the converter.

The numerical control unit may perform control causing at
least one of the inverters to output a reactive current when a
voltage detected by the voltage detecting unit exceeds the
predetermined threshold.

A limit of a current output from the inverter to the motor
may be set to be larger than a limit of a current determined for
restricting output torque of the motor.

The numerical control unit may perform control causing
the inverter to output a reactive current having a sine-wave-
form or rectangular-wave-form when a voltage detected by
the voltage detecting unit exceeds the predetermined thresh-
old.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be more clearly understood by
referring to the following accompanying drawings:

FIG. 1 illustrates a motor driving device according to an
embodiment of the present invention;
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FIG. 2 is a flow chart illustrating an operational flow of a
motor driving device according to an embodiment of the
present invention;

FIG. 3 illustrates relation of an apparent current with an
active current and a reactive current;

FIG. 4 illustrates setting of a threshold for voltage moni-
toring in a motor driving device according to an embodiment
of the present invention;

FIG. 5 illustrates a wave-form of a reactive current instruc-
tion in a motor driving device according to an embodiment of
the present invention, and illustrates a case where a reactive
current instruction has a sine-wave-form; and

FIG. 6 illustrates a wave-form of a reactive current instruc-
tion in a motor driving device according to an embodiment of
the present invention, and illustrates a case where a reactive
current instruction has a rectangular-wave-form.

DETAILED DESCRIPTION

In the following, a motor driving device having a reactive
current instruction generating unit is described with reference
to the drawings. The present invention is not limited to the
embodiment illustrated in the drawings or described below.
The motor driving device described below according to the
embodiment of the present invention is connected to motors
provided for driving drive shafts such as a feed shaft and a
main shaft in a machine tool. The number of the motors is the
same as that of the drive shafts. In the present embodiment,
the machine tool has three drive shafts, and accordingly, three
motors are provided for the drive shafts. This number of the
drive shafts and the motors is one example, and does not limit
the scope of the present invention.

FIG. 1 illustrates the motor driving device according to the
embodiment of the present invention. In the example of FIG.
1, since the machine tool has three drive shafts, three motors
3 are provided, and the motor driving device 1 drives and
controls these motors 3.

The motor driving device 1 according to the embodiment
of'the present invention includes a converter 11, inverters 12,
a voltage detecting unit 13, and a numerical control unit 14.
The converter 11 converts into a direct current an alternating
current input thereto from a commercial three-phase alternat-
ing current power supply 2. The inverters 12 invert the direct
current output by the converter 11 into alternating currents for
driving the motors 3. The voltage detecting unit 13 detects a
voltage on the direct current output side of the converter 11.
When a voltage detected by the voltage detecting unit 13
exceeds a predetermined threshold, the numerical control unit
14 causes the inverters 12 to output reactive currents.
Thereby, the motors 3 consume more electric power.

The converter 11 is configured by a bridge circuit, for
example, which includes power semiconductor devices and
diodes. The diodes are connected to the power semiconductor
devices in an inverse-parallel connection. The converter 11
includes a smoothing condenser that is located on the direct
current output side to smoothen the converted direct current
voltage. The converter 11 rectifies the entire wave of an alter-
nating current voltage from the commercial three-phase alter-
nating power supply into a direct current voltage by six diodes
when electric power is supplied to the motors 3, i.e., when the
motors 3 are driven.

Each of the inverters 12 is configured by a bridge circuit,
for example, which includes power semiconductor devices
and diodes. The diodes are connected with the power semi-
conductor devices in an inverse-parallel connection. The
switching operation of the inverter 12 is controlled by the
numerical control unit 14. That is, the control (for example,
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pulse width modulation control) of turning on and off the
power semiconductors in accordance with instructions from
the numerical control unit 14 allows the inverter 12 to invert
a direct current voltage into an alternating current voltage
having a desired wave-form and a desired frequency. The
alternating current driving power output by the inverter 12 is
supplied to the motor 3 to rotate the motor 3.

The voltage detecting unit 13 detects a voltage on the direct
current output side of the converter 11.

The numerical control unit 14 has a function of generating
an active current instruction, and a function of generating a
reactive current instruction, and outputs an active current
instruction and a reactive current instruction to control the
switching operation of the power semiconductors in the
inverters 12. For these functions, the numerical control unit
14 includes a voltage monitoring unit 21, a reactive current
instruction generating unit 22, and an active current instruc-
tion generating unit 23. Each of the voltage monitoring unit
21, the reactive current instruction generating unit 22 and an
active current instruction generating unit 23 is configured by
an arithmetic processor such as a DSP (digital signal proces-
sor) or an FPGA (field programmable gate array), for
example, and the operation thereof is defined by a software
program.

In order to make the motor 3 rotate in accordance with a
desired speed (for example, acceleration, deceleration, a con-
stant speed, stop or the like), desired torque or a desired rotor
position, the active current instruction generating unit 23
generates an active current instruction that causes the corre-
sponding inverter 12 to output an alternating current having a
required wave-form and frequency, on the basis of rotational
information such as a speed and a position of the rotor of the
motor 3. The rotational information is received from a sensor
31 installed on the motor 3. Such an active current instruction
is generated for each of the inverters 12 (i.e., each of the
motors 3). The active current instruction generating unit 23
operates independently of the reactive current instruction
generating unit 22 described below. For controlling rotational
operation of the motors 3, the numerical control unit 14 is
required to detect alternating currents to and from the motors
3, rotational speeds of the motors 3, direct current voltages
input to and alternating current voltages output from the
inverters 12, and the like, and is required to use these detected
values for the processes. Other than the sensor 31, the detec-
tors for detecting these values are not illustrated in FIG. 1.

The voltage monitoring unit 21 monitors whether or not a
voltage detected by the voltage detecting unit 13 exceeds the
predetermined threshold. Detailed operation of the voltage
monitoring unit 21 will be described later.

When the voltage monitoring unit 21 determines that a
voltage detected by the voltage detecting unit 13 exceeds the
predetermined threshold, the reactive current instruction gen-
erating unit 22 generates a reactive current instruction for
causing the inverters 12 to output reactive currents in accor-
dance with a voltage detected by the voltage detecting unit 13.
Detailed operation of the reactive current instruction gener-
ating unit 22 will be described later.

The numerical control unit 14 synthesizes the active cur-
rent instruction generated by the active current instruction
generating unit 23 and a reactive current instruction generated
by the reactive current generating unit 22. The synthesized
current instruction is compared with a triangular-wave carrier
signal having a predetermined carrier frequency when PWM
(pulse width modulation) control is performed on the inverter
12. Thereby, a PWM switching signal is generated. The gen-
erated PWM switching signal is input to the inverter 12 to
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cause switching operation of the power semiconductor
devices in the inverter 12 to be done on the basis of the PWM
switching signal.

The next description is directed to operation for suppress-
ing an abnormal excessive voltage by using a reactive current,
the operation being performed by the motor driving device 1.
FIG. 2 is a flow chart illustrating an operational flow of the
motor driving device according to the embodiment of the
present invention. FIG. 3 illustrates a relation of an apparent
current with an active current and a reactive current.

As described above, electric power regenerated by the
motor 3 at the time of control of decelerating the motor 3
raises a voltage on the direct current output side of the con-
verter 11. According to the embodiment of the present inven-
tion, when a voltage on the direct current output side of the
converter 11 exceeds the predetermined threshold, an active
current and a reactive current depending on the voltage are
made to flow to increase heat loss in the motor 3. As a result,
a rise in a voltage on the direct current output side of the
converter 11 is suppressed. An active current from the inverter
12 to the motor 3 contributes to rotational operation of the
motor 3, i.e., torque generation of the motor 3. On the con-
trary, a reactive current from the inverter 12 to the motor 3
does not contribute to torque generation of the motor 3. For
example, in FIG. 3, if reactive currents I,,, I, and 1,5 are
added to a constant active current I, apparent currents
(norms) are represented by I, I, and I; respectively. In other
words, if a larger reactive current is added to a constant active
current, a larger apparent current (norm) is generated. If a
larger apparent current flows to the motor 3, the motor 3
consumes more electric power. A reactive current component
of an apparent current, however, does not contributes to
torque generation of the motor 3, and results in heat loss. That
is, increasing or decreasing a reactive current component of
an apparent current which flows to the motor 3 allows an
adjustment of electric power consumed by the motor 3.
According to the embodiment of the present invention, the
threshold is predetermined on the basis of the maximum
voltage value on the direct current output side allowable for
the converter 11. When a voltage on the direct current output
side of the converter 11 rises to be larger than the predeter-
mined threshold due to electric power regenerated from the
motor 3 at the time of control of decelerating the motor 3, a
reactive current in accordance with the voltage detected by
the voltage detecting unit 13 is made to flow to the motor 3. In
this manner, heat loss in the motor 3 is increased to suppress
an excessive voltage rise on the direct current output side of
the converter 11. In other words, a reactive current is inten-
tionally made to flow to the motor 3 so that the electric power
regenerated by the motor 3 at the time of control of deceler-
ating the motor 3 can be consumed by generating heat loss in
the motor 3. FIG. 2 illustrates a concrete operational flow of
the motor driving unit 1 according to the embodiment of the
present invention.

At the step S101 in FIG. 2, the voltage detecting unit 13
detects a voltage V(t) on the direct current output side of the
converter 11 at time t. At the step S102, the voltage monitor-
ing unit 21 in the numerical control unit 14 monitors whether
or not the voltage V(t) detected by the voltage detecting unit
13 exceeds the predetermined threshold. When the voltage
monitoring unit 21 determines that the voltage V(t) detected
by the voltage detecting unit 13 exceeds the predetermined
threshold, the reactive current instruction generating unit 22
in the numerical control unit 14 generates a reactive current
instruction (step S103). The reactive current instruction
causes the inverter 12 to output a reactive current in accor-
dance with the voltage V(1) detected by the voltage detecting
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unit 13. The larger difference between a voltage detected by
the voltage detecting unit 13 and the predetermined threshold
means the larger electric power regenerated by the motor 3 at
the time of deceleration of the motor 3. Accordingly, at the
step S103, the reactive current instruction generating unit 22
generates a reactive current instruction on the basis of the
difference between a voltage detected by the voltage detect-
ing unit 13 and the predetermined threshold. Specifically, a
reactive current instruction is generated to be a value in pro-
portion to the difference between a voltage detected by the
voltage detecting unit 13 and the predetermined threshold.
This is because a larger difference between a voltage detected
by the voltage detecting unit 13 and the predetermined thresh-
old needs more heat loss in the motor 3. Meanwhile, when the
voltage monitoring unit 21 determines that the voltage
detected by the voltage detecting unit 13 does not exceed the
predetermined threshold, a reactive current instruction is set
to be 0 (zero) (step S104). If the step S103 or the step S104 is
finished, the flow returns to the step S101, and then, each
process described above is repeatedly performed. Thus,
according to the embodiment of the present invention, a volt-
age on the direct current output side of the converter is
detected, and if this detected voltage exceeds the predeter-
mined threshold, the inverter is controlled to output a reactive
current, so that a reactive current flows to the motor 3, and the
consumed electric power in the motor 3 increases. Thereby,
an abnormal excessive voltage can be easily suppressed with-
out employing complicated control.

FIG. 4 illustrates setting of the threshold for the voltage
monitoring in the motor driving device according to the
embodiment of the present invention. In the case where a
reactive current is made to flow to the motor 3, at the begin-
ning of flowing of a reactive current, a voltage on the direct
current output side of the converter 11 overshoots a little. For
this reason, in order to secure a margin by taking the above-
described overshooting into account, the threshold used by
the voltage monitoring unit 21 to monitor a voltage on the
direct current output side of the converter 11 is preferably set
to be lower than an excessive voltage detection level that is the
maximum voltage value on the direct current output side
allowable for the converter 11 as illustrated in FIG. 4, instead
of being set to be just the excessive voltage detection level.
The minimum value of a voltage on the direct output side of
the converter 11 that permits a reactive current to flow to the
motor 3 may be set. Thereby, existence and absence of a
reactive current instruction output by the reactive current
instruction generating unit 22 in the numerical control unit 14
can be prevented from being switched to each other in
extremely short time. Accordingly, the control can be kept
more stable.

Generally, a limit value is set for an output current of the
inverter 12 to prevent output torque of the motor 3 from
exceeding a limit value. As described above, an active current
flowing from the inverter 12 to the motor 3 contributes to
rotating operation of the motor 3, that is, torque generation of
the motor 3, and on the contrary, a reactive current from the
inverter 12 to the motor 3 does not contribute to torque gen-
eration of the motor 3. For this reason, the limit value for an
output current of the inverter 12 may be set to be larger than
the limit value for a current determined for restricting output
torque of the motor 3. Thereby, a current larger than the limit
value for a output current of the inverter 12 can flow to the
motor 3 when a voltage detected by the voltage detecting unit
13 exceeds the predetermined threshold. By such a current
margin, a reactive current can flow.

FIGS. 5 and 6 illustrate wave-forms of a reactive current
instruction in the motor driving device according to the
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embodiment of the present invention. FIG. 5 illustrates a
reactive current instruction having a sine-wave-form, and
FIG. 6 illustrates a reactive current instruction having a rect-
angular-wave-form. As described above, the larger difference
between a voltage detected by the voltage detecting unit 13
and the predetermined threshold means larger electric power
regenerated at the time of the deceleration of the motor 3. For
this reason, in accordance with the difference between a volt-
age detected by the voltage detecting unit 13 and the prede-
termined threshold, the reactive current instruction generat-
ing unit 22 generates a reactive current instruction. The larger
difference between a voltage detected by the voltage detect-
ing unit 13 and the predetermined threshold needs larger heat
loss in the motor 3. Accordingly, a reactive current instruction
is generated as a value in proportion to the difference between
a voltage detected by the voltage detecting unit 13 and the
predetermined threshold. Since flow of a reactive current
generates reluctance in the motor 3, the reactive current
instruction generating unit 22 may generate a reactive current
instruction causing the inverter 12 to output a reactive current
having a direct current component that is in proportion to the
difference between a voltage detected by the voltage detect-
ing unit 13 and the predetermined threshold, and having a
high frequency component that has a frequency higher than
the resonance frequency of the rotor of the motor 3 and that
has a sine-wave-form illustrated in FIG. 5 or a rectangular-
wave-form illustrated in FIG. 6. Thereby, it is possible to
produce a state where average of reluctance torque of the
motor 3 is regarded as O (zero) from the standpoint of a long
period. For the sake of simple drawings, FIGS. 5 and 6 illus-
trate, in contrast with a reactive current instruction having a
constant value (illustrated by the broken lines in the draw-
ings) based on the difference between a voltage detected by
the voltage detecting unit 13 and the predetermined threshold,
reactive current instructions that have a sine-wave-form and a
rectangular-wave-form so as to increase and decrease from
the constant value.

The motor driving device 1 described with reference to
FIG. 1 is provided with the three motors 3 and the three
inverters 12 corresponding to these motors 3 since the number
of'the drive shafts ofthe machine tool is three as one example.
When a voltage detected by the voltage detecting unit 13
exceeds the predetermined threshold, the numerical control
unit 14 performs control causing the inverter 12 to output a
reactive current. Such control may be performed on at least
one ofa plurality of the inverters. For example, in the example
of FIG. 1, the numerical control unit 14 may perform the
above-described reactive current output control on any one of
the three inverters 12, or perform the above-described reac-
tive current output control on any two or all three of the three
inverters 12. If the above-described reactive current output
control is performed on any two or all three of the three
inverters 12, the numerical control unit 14 performs control
causing the inverters 12 to output equal reactive currents, or
performs weighting control such that one of the inverters 12 is
caused to output a reactive current larger than a reactive
current output by another of the inverters 12.

Each of the voltage monitoring unit 21, the reactive current
instruction generating unit 22, and the active current instruc-
tion generating unit 23 in the numerical control unit 14 is
configured by an arithmetic processor such as a DSP or an
FPGA for example, and the operation thereof is defined by a
software program. Accordingly, if operational conditions or
the like of the motor driven by the motor driving device 1 are
changed to increase electric power regenerated by the motor,
the program of the numerical control unit 14 can be changed
to deal with such change of the operational conditions or the
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like of the motor. For this reason, change of the operational
conditions or the like of the motor driven by the motor driving
device 1 can be dealt with flexibly and promptly. As a result,
an economical burden and time required for a user can be
reduced.

The present invention can be applied to a case where a
machine tool system includes motors provided for drive
shafts of a machine tool respectively, and these motors (ser-
vomotors) are driven by a motor driving device including a
converter that converts an input alternating current into a
direct current, and inverters that invert the direct current out-
put from the converter into alternating currents supplied as
driving electric power for the motors respectively.

According to the present invention, in a motor driving
device including a converter that converts an input alternating
current into an direct current, and an inverter that inverts the
direct current output from the converter into an alternating
current for driving a motor, a voltage detecting unit detects a
voltage on the direct current output side of the converter, and
if a voltage detected by the voltage detecting unit exceeds a
predetermined threshold, the inverter is controlled to output a
reactive current, so that the reactive current flows to the motor
to increase electric power consumed by the motor. Accord-
ingly, an abnormal excessive current can be easily suppressed
without employing complicated control. The present inven-
tion eliminates necessity of additionally providing a regen-
eration resistor, a power supply regenerative circuit, a regen-
eration-resistor-protecting circuit and the like. For this
reason, the present invention can realize a compact motor
driving device with low cost.

For example, according to the related art additionally pro-
viding a regeneration resistor and a power supply regenera-
tive circuit, if operational conditions or the like of a motor
driven by a motor driving device are changed to increase
electric power regenerated by the motor, it may be required to
change a design of the regeneration resistor and the power
supply regenerative circuit depending on the increase of the
regenerated electric power. Thus, a user suffers an economi-
cal burden and time required for large-scale modification of'a
motor driving device, change of installation layout and so on.
On the contrary, according to the present invention, a regen-
eration resistor, a power supply regenerative circuit and the
like do not need to be provided additionally, and program
modification for a numerical control unit can deal with the
above-described change. Accordingly, it is possible to flex-
ibly and promptly deal with change of operational conditions
or the like of a motor driven by a motor driving device, and
reduce an economical burden and time required for such
change.
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The invention claimed is:

1. A motor driving device, comprising:

a converter configured to convert an input alternating cur-
rent into a direct current;

a plurality of inverters connected to the converter in paral-
lel and each configured to invert the direct current output
by the converter into an alternating current for driving
each of a plurality of motors respectively connected to
the plurality of inverters;

a voltage detecting unit configured to detect a voltage on a
direct current output side of the converter; and

a numerical control unit connected to the plurality of
inverters in parallel and configured to cause at least one
of the plurality of inverters to output a reactive current,
when the voltage detected by the voltage detecting unit
exceeds a predetermined threshold which is smaller than
a maximum voltage value on the direct current output
side allowable for the converter, wherein

the numerical control unit includes

a voltage monitoring unit configured to monitor whether or
not the voltage detected by the voltage detecting unit
exceeds the predetermined threshold, and

a reactive current instruction generating unit configured to
generate a reactive current instruction for causing the at
least one of the plurality of inverters to output the reac-
tive current on the basis of a difference between the
voltage detected by the voltage detecting unit and the
predetermined threshold when the voltage monitoring
unit determines that the voltage detected by the voltage
detecting unit exceeds the predetermined threshold.

2. The motor driving device according to claim 1, wherein

a limit value of a current output from the inverter to the motor
is higher than a limit value of a current set for restricting
output torque of the motor.

3. The motor driving device according to claim 1, wherein
the numerical control unit causes the inverter to output the
reactive current having a sine-wave-form or a rectangular-
wave-form when the voltage detected by the voltage detecting
unit exceeds the predetermined threshold.

4. The motor driving device according to claim 1, wherein
the reactive current instruction generating unit is configured
to generate the reactive current instruction for causing the at
least one of the plurality of inverters to output the reactive
current in proportion to the difference between the voltage
detected by the voltage detecting unit and the predetermined
threshold when the voltage monitoring unit determines that
the voltage detected by the voltage detecting unit exceeds the
predetermined threshold.
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